INTRODUCTION
B-cell Lymphoma 2 (BCL2) is an antiapoptotic protein belong to the BCL2 family [1, 2] . The role of BCL2 differs depending on its interaction with other members of the BCL2 family [1] [2] [3] . BCL2 is expressed in solid tumors, such as breast, prostate, colorectal, lung, stomach, and ovarian cancers [1, 2] . BCL2 family proteins, including BCL2 and BAX, are expressed in normal mammary tissue [2, 4] . Of the BCL2 family proteins, BCL2 is upregulated by estrogens in breast cancer, through a direct consequence of transcriptional induction [4] . Therefore, BCL2-positive expression in breast cancer may be considered a sign of estrogen receptor (ER) functional activity and is associated with the outcomes [2, [4] [5] [6] [7] . Recent studies have suggested that BCL2 is a reliable prognostic marker, particular for hormone receptor (HR)-positive breast cancer [6, 7] .
Patients with BCL2-positive expression in breast cancer have a better prognosis considering the overall survival and relapse-free survival (RFS) [8] . BCL2-positive expression is associated with better outcomes of metastatic and early breast cancer treated with either hormone therapy or chemotherapy [9, 10] . Some studies have consistently reported an association between BCL2 expression and better survival in patients with triple-negative breast cancer (TNBC) [11] [12] [13] .
The mechanism for the differences in prognosis remains unclear, but BCL2 expression is dependent on the ER status, so the different roles of BCL2 appear to be dependent on the molecular subtype. In this study, we investigated the role of BCL2 as a prognostic marker according to the 13th St. Gallen immunohistochemical classification [14] . Purpose: B-cell lymphoma 2 (BCL2) is an antiapoptosis protein and an important clinical breast cancer prognostic marker. As the role of BCL2 is dependent on the estrogen receptor (ER) status, this effect might differ according to molecular subtypes. The aim of this study was to evaluate the relationship between the prognostic outcomes and BCL2 expression among the molecular subtypes. Methods: We retrieved the data of 1,356 patients who were newly diagnosed with malignant breast cancer between November 2006 and November 2011. Immunohistochemistry was used to measure ER, progesterone receptor, human epidermal growth factor receptor 2 (HER2), Ki-67, and BCL2 expression. We classified breast cancer into five molecular subtypes based on the 13th St. Gallen International Expert Consensus, including luminal A, luminal B (HER2-negative), luminal B (HER2-positive), HER2-overexpression, and triple-negative subtypes. We analyzed the clinicopathological features and assessed the correlation between BCL2 expression and clinical outcomes, such as relapse-free survival (RFS) and disease-specific survival (DSS) according to the five molecular subtypes.
BCL2 as a Subtype-Specific Prognostic Marker for Breast Cancer
Results: A total of 605 cases of breast cancer (53.8%) showed BCL2 expression. BCL2-positive expression was associated with young age (< 50 years, p= 0.036), lower histological grade (p< 0.001), low Ki-67 level (< 14%, p< 0.001), hormone receptor positivity (p< 0.001), HER2 negativity (p< 0.001), luminal breast cancer (p< 0.001), and low recurrence rate (p= 0.016). BCL2-positive expression was also associated with favorable 5-year RFS (p= 0.008, 91.4%) and DSS (p= 0.036, 95.6%) in all the patients. BCL2-positive expression in luminal A breast cancer resulted in significantly favorable 5-year RFS and DSS (p= 0.023 and p= 0.041, respectively). However, BCL2 expression was not associated with the prognosis in the other subtypes. Conclusion: The prognostic role of BCL2 expression in breast cancer is subtype-specific. BCL2 expression differs according to the molecular subtype and is a good prognostic marker for only luminal A breast cancer.
Immunohistochemistry and assay methods
Immunohistochemistry (IHC) for ER (SP1, prediluted; Roche Science, Mannheim, Germany), progesterone receptor (PR; 1E2, prediluted; Roche), human epidermal growth factor receptor 2 (HER2; 4B5, prediluted; Roche), Ki-67 (MIB-1, prediluted; Roche), and BCL2 (124, 1:50; Dako, Carpinteria, USA) was performed on whole tissue section slides using BenchMark ULTRA (Ventana Medical Systems Inc., Tucson, USA). A positive ER and PR status was defined as an Allred score (AS) of ≥ 3. IHC or fluorescence in situ hybridization was performed to evaluate HER2 status. A positive HER2 status was defined as an IHC score of 3+. If the IHC score was 2+, the sample was retested with single-probe silver in situ hybridization. The amplification ratio was defined as the HER2 gene locus copy number relative to the chromosome 17 centromere copy number, and an amplification ratio of ≥ 2.0 was considered positive. The Ki-67 level was classified into three cutoff points according to the expressing cell ratio ( < 14%, 14%-19%, and ≥ 20%). BCL2 expression was assessed using the percentage of positively stained cells. BCL2 expression was positive when > 10% of the cells stained positive for BCL2. This cutoff value was used considering the statistical guidelines for prognostic factors reported previously [15, 16] . A single pathologist interpreted all the IHC results.
Classification of intrinsic molecular subtypes using the 13th St. Gallen International Expert Consensus
IHC was used to classify the tumors into five different molecular subtypes [14] : (1) All cancers were staged according to the seventh edition of the American Joint Committee on Cancer staging manual.
Statistical analysis
Clinical and pathological features were assessed using the Student t-test, the chi-square test, and Fisher exact test. Cumulative survival probabilities were estimated using the Kaplan-Meier analysis. The log-rank test was used to compare differences between survival rates. A multivariate analysis was performed using the Cox proportional hazards model. All variables were described as the hazard ratio and 95% confidence intervals (CIs). A two-sided p-value < 0.05 was considered significant. The statistical analyses were performed with IBM SPSS software version 18.0 for Windows (SPSS Inc., Chicago, USA).
RESULTS
A total of 1,356 patients were enrolled in our study. After excluding 208 patients who satisfied the exclusion criteria, and 24 patients who had unknown molecular subtypes or unknown BCL2 results, 1,124 were finally included in the statistical analysis ( Figure 1 ). The patients was classified into five groups based on the molecular subtype from the 13th St. Gallen International Expert consensus, including luminal A, luminal B (HER2-negative), luminal B (HER2-positive), HER2-overexpression, and TNBC ( Figure 1 ). The mean patient age was 51.01 ± 9.98 years, and the mean follow-up was 107.62 ± 0.56 months. The clinicopathological characteristic and IHC results are summarized in Table 1 .
BCL2 expression as a prognostic factor
Of the 1,124 patients, 519 (46.2%) were BCL2-negative and 605 (53.8%) were BCL2-positive. The clinicopathological characteristic according to BCL2 expression are summarized in Table 1 . BCL2-positive expression was associated with young age ( < 50 years, p= 0.036), histological grade (p< 0.001), low Ki-67 level ( < 14%, p < 0.001), HR positivity (p < 0.001), HER2 negativity (p < 0.001), p53 negativity (p < 0.001), epi- Figure 1 . Flowchart of the patient cohort included in this study. Exclusion criteria was noninvasive carcinoma (e.g., ductal carcinoma in situ), distant metastasis at diagnosis, and any other malignancy. Different frequency of BCL2 positive expression was observed depending on the molecular subtypes. BCL2 = B-cell lymphoma 2; HER2 = human epidermal growth factor receptor 2; TNBC = triple-negative breast cancer.
dermal growth factor receptor (EGFR) negativity (p< 0.001), cytokeratin 5/6 (CK5/6) negativity (p< 0.001), and the luminal type of breast cancer (p< 0.001). Patients with ER-positive breast cancer were classified into two groups: low and high expression. Low ER-positive expression was defined as an AS between 3 and 5, and high ER-positive expression was defined as an AS between 6 and 8. High ER-positive expression was association with BCL2-positive expression (Table 2) . However, there was no significant difference in the RFS and DSS according to the AS for ER. BCL2-positive breast cancer was significantly related with a favorable 5-year RFS (p = 0.008; BCL2 negative vs. positive, 86.3% vs. 91.4%) and 5-year DSS (p = 0.036; BCL2 negative vs. positive, 95.6% vs. 98.0%) (Figure 2 ).
Different prognostic effect of BCL2 expression based on molecular subtypes
Different frequency and prognostic effects of BCL2-positive BCL2 = B-cell lymphoma 2; SLNB = sentinel lymph node biopsy; ALND = axillary lymph node dissection; LVI = lymphovascular invasion; ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2; EGFR = epidermal growth factor receptor; CK5/6 = cytokeratin 5/6; TNBC = triplenegative breast cancer. *Mean ± SD. Table 2 ). The prognostic significance of BCL2-positive expression for 5-year RFS and DSS was demonstrated in luminal A breast (Figure 4) . However, BCL2-positive expression tended to result in a shorter 5-year RFS and DSS in TNBC (RFS, p= 0.735; DSS, p= 0.181) (Figure 4) .
Multivariate analysis revealed that tumor size, lymph node metastasis, and BCL2 expression were independent prognostic factors for RFS (hazard ratio, 0.53; 95% CI, 0.29-0.97; p = 0.015) ( Table 3 ) and DSS (hazard ratio, 0.59; 95% CI, 0.08-0.73; p= 0.021) in luminal A breast cancer (Table 4) .
DISCUSSION
According to the results of this study, the frequency of BCL2 expression differs among the molecular subtypes of breast cancer and it has a favorable prognostic effect. BCL2-positive expression results in a better prognosis considering the 5-year RFS and DSS, compared to BCL2-negative expression, and it is associated with a younger age, lower histological grade, low Ki-67 level, HR positivity, HER2 negativity, p53 negativity, EGFR negativity, CK5/6 negativity, and the luminal A and B breast cancer subtypes. The results also show that BCL2 expression has different prognostic roles according to the five molecular subtypes in the 13th St. Gallen International Expert Consensus. BCL2-positive expression is an independent favorable prognostic marker for only luminal A breast cancer and is a significant factor in both univariate and multivariate analyses. On the other hand, BCL2 expression does not show a prognostic relationship for the other subtypes.
The prognostic role of BCL2 is first described in nonHodgkin's lymphoma, and BCL2-positive expression is associated with a favorable prognosis in many solid tumors including breast cancer [17, 18] . The mechanism of BCL2 as a prognostic factor in breast cancer remains unclear [2, 19] . Many studies have suggested that interactions between BCL2 and ER modulate the prognostic effect [20] [21] [22] . Moreover, BCL2 expression is upregulated in response to estrogens, and so BCL2 is considered an estrogen-related protein [10, [20] [21] [22] .
This study focuses on the different interactions between BCL2 and ER according to the breast cancer molecular subtypes. In the present study, BCL2 was expressed in 52.8% of the patients, which is similar to the results of previous studies [17, 23, 24] . The frequency of BCL2-positive expression differed according to the molecular subtype. BCL2 was expressed in 54.0% of luminal A, 40.7% of luminal B, 1.3% of HER2-overexpression, and 4.0% of TNBC subtypes. BCL2-positive expression is increased in luminal breast cancer, and decreased in the HER2-overexpression, and TNBC subtypes. Seong et al. [17] reported a similar pattern of BCL2 expression, i.e., of 1,304 patients with breast cancer, 54.4% patients expressed BCL2. By subtypes, BCL2 expression was observed in 74% patients with HR-positive and HER2-negative, 10.7% patients with HR-positive and HER2-positive, 2.8% patients with HR-negative and HER2-positive, and 12.5% patients with HR-negative and HER2-negative breast cancer [17] .
We also observed that BCL2 expression was significantly associated with low proliferative factors and ER and PR positivity; therefore, BCL2 expression can be used for predicting an overall good prognosis in patients with breast cancer. In particular, BCL2-positive expression has a positive correlation with the high expression of ER, as shown in the results of this study. Similarly, Dawson et al. [25] revealed that increased BCL2 staining intensity predicts a better prognosis in breast cancer. In contrast, Yang et al. [26] investigated patients with early breast cancer who underwent breast conservative surgery with radiotherapy and found that BCL2 expression correlates with ipsilateral breast recurrence. Yang et al. [26] speculated that BCL2 played an important role in the poor tumor response to radiotherapy and suggested that the conflicting result was possibly due to radiation, which affects the apoptotic function of BCL2.
In our study, BCL2 had different prognostic roles depending on the breast cancer molecular subtype. BCL2 expression was a favorable prognostic factor for 5-year RFS and DSS in luminal A breast cancer, which agrees with the results of previous studies [17, 18] . Seong et al. [17] suggested that BCL2 expression is an independent, favorable prognostic factor in patients with HR-positive and HER2-negative breast cancer. In addition, Chen et al. [18] reported that patients with luminal breast cancer with high BCL2 expression have better outcomes compared to those with other breast cancer subtypes.
To the best of our knowledge, although there is no significant difference, patients with luminal B (HER2-negative and HER2-positive) and HER2-overexpression breast cancer with BCL2 expression tend to have good prognosis. This observation is supported by the results of previous studies that showed that BCL2 is inversely correlated with proliferative markers, such as Ki-67, and HER2-overexpression, and hence plays an antiproliferative role despite its antiapoptotic effect [27, 28] . In luminal B (HER2-negative) breast cancer, which expresses a high Ki-67 level (threshold ≥ 20%), BCL2 expression is high, but BCL2 plays an antiproliferative role, resulting in a more favorable outcome compared to that of breast cancer with BCL2-negative expression. A low frequency of BCL2 expression (25.3% and 1.3%, respectively) was detected in luminal B (HER2-positive) and HER2-overexpression breast cancer, respectively, which was consistent with the finding in another study [28] . The strong inverse correlation between BCL2 and HER2 expression may be associated with non-significant prognostic value of BCL2 in luminal B (HER2-positive) and HER2-overexpression breast cancer.
Our result shows that BCL2 expression tends to be associated with a worse prognostic effect in patients with TNBC (5-year RFS, p = 0.735; 5-year DSS, p = 0.181). TNBC also has low BCL2 expression. This result agrees with those of previous studies reporting that low BCL2 expression is associated with good outcomes of TNBC [2, 11, 23, 29] . Bouchalova et al. [29] investigated 187 patients with TNBC, 164 of who were treated with anthracycline-based adjuvant chemotherapy. They suggested that high BCL2 expression is a significant independent predictor of poor outcomes in patients with TNBC [29] . In contrast, Dawson et al. [25] reviewed 490 patients with stage I to III TNBC and concluded that BCL2 expression is related with better survival. Abdel-Fatah et al. [30] showed that low BCL2 expression resulted in a poor clinical outcome in 390 patients with TNBC. Although the role of BCL2 in TNBC remains controversial, most studies have concluded that BCL2 expression is lower and is associated with a poor prognosis. Eventually, there was no statistically significant relationship between BCL2 expression and TNBC and HER2-overexpression breast cancer in our study. Therefore, we can assume that BCL2 does not have a prognostic role in HR-negative breast cancer because this protein depends on estrogen and the ER pathway.
This study had some limitations. First, because our study was retrospective, selection bias may have been present. Second, as we used an IHC staining method, the results may be affected by intratumoral heterogeneity and interobserver heterogeneity. However, this is the first study to identify the different clinical effects based on BCL2 expression according to the molecular subtypes from the 13th St. Gallen International Expert Consensus. We used single-institutional data and obtained results based on coherent treatment protocols prescribed by two clinicians and standardized measurements of BCL2 performed by a single pathologist at a single institution. We also analyzed recurrence and survival to determine clinical significance of the breast cancer.
In summary, BCL2 expressed different frequency and played different prognostic roles according to breast cancer molecular subtype. BCL2 is an independent favorable prognostic marker for only luminal A breast cancer.
